
IN THE CLAIMS 
Claim 26,/ine 2, change "conductor" to —conductive layer—; and 



line 3, change "a resistivity 11 to —said resistivity—. 



-30. (Amended) An insulated conductor as claimed in Claim 19, wherein: 



[an adhesion between] the insulating layer [and] being configured to adhere to the 



v 

0 Cy outejjconductive layer [being of] with a predetermined adhesion strength, said predetermined 



adhesion strength being of a same order of magnitude as an intrinsic strength of a material 
that forms said insulating layer. ~ 



REMARKS 

Favorable reconsideration of this application, as presently amended, and in light of 
the following discussion is respectfully requested. 

Claims 19-38 are pending, Claims 26 and 30 having been amended by way of the 
present amendment. 

In the outstanding Office Action, the amendments to the specification identified in the 
Preliminary Amendment filed on February 2, 1999 were indicated as not having been 
entered; the declaration filed with the patent application was identified as being defective; the 
specification was objected to; Claims 26, 27 and 30 were rejected under 35 U.S.C. §1 12, 
second paragraph; Claims 19, 22-25, 31, 32, 34 and 36-38 were rejected as being 
unpatentable over Breitenbach et al (U.S. Patent No. 4,785,138, hereinafter Breitenbach^ in 
view of Hvizd. Jr. et al (U.S. Patent No. 4,361,723, hereinafter Hyjzd); Claims 20 and 21 
were rejected as being unpatentable over Breitenbach in view of Hvizd in further view of 
Elton et al (U.S. Patent No. 5,066,881, hereinafter Ellon); Claim 26 was rejected as being 
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unpatentable over Breitenbach in view of Hvizd in further view of Silver et al (U.S. Patent 
No. 4,384,944, hereinafter Silver ): Claim 27 was rejected as being unpatentable over 
Breitenbach in view of Hvizd and Silver in further view of Cloetens et al (U.S. Patent No. 
4,859,810, hereinafter Cloetens ): Claims 28 and 33 were rejected as being unpatentable over 
Breitenbach in view of Hvizd in further view of Yamanouchi et al fU.S. Patent No. 
4,894,284, hereinafter Yamanouchi ): Claim 29 was rejected as being unpatentable over 
Breitenbach in view of Hvizd and Silver in further view of Yamanouchi : Claim 30 was 
rejected as being unpatentable over Breitenbach in view of Hvizd in further view of Olsson et 
al (U.S. Patent No. 4,109,098, hereinafter Olsson ) and Claim 35 was rejected as being 
unpatentable over Breitenbach in view of Hvizd and in further view of Simmons et al (U.S. 
Patent No. 4,997,995, hereinafter Simmons ). 

The undersigned appreciatively acknowledges the courtesy extended by Examiner 
Nguyen in discussing the present case in an interview with the undersigned on September 2, 
1999. During the interview features of the present invention were discussed in light of the 
asserted prior art and distinguished on the grounds discussed herein. Agreement was reached 
with respect to at least independent Claim 19 for the reasons discussed hereinbelow. 

As identified in paragraph 1 of the outstanding Office Action, the amendments to the 
specification made in the Preliminary Amendment filed on February 2, 1999 were indicated 
as not having been entered. During the interview it was discovered that the original patent 
specification that was transmitted to the U.S. PTO by the International Bureau, consistent 
with 35 U.S.C. §371, was not recorded in the USPTO file as being the original application. 
Rather, the "clean copy" of the specification, which was filed for the Examiner's convenience 
(see e.g., page 10, last full paragraph of the Remarks section of the Preliminary Amendment 
filed with the patent application) was treated as the original specification. This "clean copy" 
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was provided for the Examiner's convenience and included all the amendments made by the 
Preliminary Amendment to the PCT application. Accordingly, so as to make the record 
clear, the original application is PCT/SE97/00903; the Preliminary Amendment filed on 
November 27, 1998 amended the original application (i.e., PCT/SE97/00903); and for the 
Examiner's convenience a "clean copy" of the specification, which included all of the 
amendments made by way of the Preliminary Amendment was also filed on November 27, 
1999. 

As discussed in the interview, it is perhaps most convenient at this time to consider 
the "clean copy" of the specification to be a "substitute specification". Accordingly, please 
enter the "clean copy" as a substitute specification by marking on the top of the clean copy 
"Substitute Specification". Consistent with the requirements for filing a substitute 
specification, Applicants file herewith a "marked-up" copy of the patent specification that 
was used in preparing the Preliminary Amendment. It is believed that these comments have 
clarified which is the proper specification for consideration at this time. However, the 
Examiner is invited to telephone the undersigned if further clarification is required. 

Applicants are in the process of preparing a new Declaration that addresses the 
defects identified in the outstanding Office Action. A new Declaration will be filed as soon 
as it is completed. 

Also filed herewith is an Information Disclosure Statement that includes one U.S. 
Patent 4,429,244 cited in other related U.S. patent applications, as well as a List of Related 
Cases that identifies co-pending related applications. As discussed in the interview, the 
present application is one of a large number of applications that are presently on file, and 
others that will be filed in the United States, as part of the "ENKEL" program. Also 
discussed was that the present assignee and the USPTO are in the process of establishing 
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special procedures for complying with Applicants' and the undersigned's duty of disclosure 
requirements, which will include Applicants filing three sets of all references identified in 
foreign patent applications as well as other references identified by the Applicants. These 
procedures are not yet in place, however, Applicants have voluntarily provided a hard copy 
of all identified references (about 700) to SPE Nestor Rameriez that the USPTO will use to 
form new subclasses associated with the inventive technology. If the special procedures are 
approved by the USPTO the new subclasses will be mandatorily searched by the Examiners 
of ENKEL cases. For the Examiner's convenience, the Examiner may wish to consult with 
SPE Rameriez to identify whether the special searching procedures have been adopted at the 
time this case is reconsidered. 

As requested in paragraph 3 of the outstanding Office Action, the specification has 
been amended to provide express antecedent support in the specification for the claimed 
subject matter. As support is found in the claims as originally filed, it is respectfully 
submitted that no new matter is added. 

The present amendment addresses the several rejections under 35 U.S.C. §112, 
second paragraph. It is believed that all the claims, as amended, comply with 35 U.S.C. 
§112, second paragraph. However, if the Examiner disagrees the Examiner is invited to 
telephone the undersigned so that mutually agreeable claim language may be identified. 

Each of the pending claims have been rejected over Breitenbach in view of Hvizd . 
while some of the dependent claims are rejected in view of a tertiary or even quaternary 
reference. To appreciate the differences between the present invention and the asserted prior 
art, a brief synopsis of selected features of the present invention is believed to be in order. 
As discussed in the interview, a feature of the present invention is a high-voltage cable (10) 
that includes strands (12), surrounded by a first conductive layer (14), an insulating layer 



(16), and a second conductive layer (18), as shown. This cable is able to reliably handle high 
voltages (voltages exceeding 10 kV, see, e.g., specification page 1, 2 nd para.) and may operate 
as a high-voltage winding for electric machines. 

Conventional devices have suffered from various problems that limit their reliability 
and usefulness at high voltages in electric machines. One of the problems is that, in some 
structures, relatively high potentials exist in the end winding regions relative to earth (see, 
e.g., specification, page 4, 1 st full paragraph). Further, when manufacturing insulating layers, 
it is possible that defects will arise in which internal corona discharges occur when the 
insulation is subjected to high electric strengths (see, e.g., specification, page 8, 2 nd full 
paragraph). These corona discharges gradually degrade the material and may lead to electric 
breakdown through the insulation. 

The present invention is based on a realization by the inventors that to increase the 
power of a rotating electric machine in a technologically and economically feasible way, the 
insulation must not breakdown by the corona effect described above. By selecting the outer 
conductive layer to be connected to a chosen potential, for example earth, the entire length of 
the cable may be held at earth potential for example (see, e.g., specification last 10 lines of 
page 9). This has the effect of reducing the electrical load on the material since the outer 
conductive layer will constitute an equipotential surface. Furthermore, the present inventors 
determined that the structure and resistivity of the outer conductive layer should be 
established so that eddy current loses are restricted to avoid magnetic saturation. A 
significant advantage of an electric machine made with the inventive insulated conductor is 
that the E field is near zero at the end-winding end regions outside the outer conductive layer. 
As a consequence, with the outer surface at earth potential, the electric field need not be 
controlled. 



i 

Figure 2 shows a diagram regarding the effects of voltage occurring between the 
second conductive surface and earth. The resulting voltage U s is related to the voltage 
stemming from a capacitive current in the surface of the outer layer (page 13, line 3) and an 
induced voltage, U ind , originating from magnetic flux (see, e.g., equation 1 at page 15). One 
way of preventing losses caused by induced voltages in the second conductive layer 1 8 is to 
increase the resistance of the second conductive layer 18 (see, e.g., page 15, lines 12-15). 
However, if the resistivity is too great, the voltage on the second conductive layer mid- way 
between the grounded points (that is inside the stator) will be so high that there will be a risk 
of glow discharge. Glow discharge should be avoided since it will result in the erosion of the 
conductive material and the insulation that will gradually degrade the insulation material and 
may lead to electric breakdown through the insulation. Accordingly, the present inventors 
identified that the resistivity of the second conductivity layer is a design parameter that 
should be controlled so as to support high voltage operations. 

The present inventors recognized that to provide sustained, reliable high- voltage 
operation in the an electric machine, the resistivity of the outer conductor should be bounded 
between a low resistivity value and a high resistivity value (page 16, line 1, equation 2). The 
low end of the range is set by the maximum permissible power loss caused by eddy currents. 
The high end of the range is set by a glow discharge threshold. Moreover, if the resistivity is 
too high, the voltage on a second conductive layer at the mid-way point between grounded 
points (see, e.g., page 15, line 17, and page 16, line 3) will become so high that there will be 
a risk of glow discharge that will cause the erosion of conductive material and the insulation. 
Accordingly, in recognition of the resistivity of the outer conductive layer as being a design 
parameter that enables high voltage applications, the present inventors performed a series of 
experiments that showed the resistivity of the second conductive layer should be between 10- 
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500 ohm*cm (see, e.g., page 16, lines 4-6), 

Claim 19 reflects the significant observation made by the present inventors, namely 
that an outer conductive layer has a resistivity in an inclusive range of 10-500 ohm*cm. 

As discussed in the interview, Breitenbach is directed to an electric cable for use in a 
phase winding for linear motors. As such, the cable is stretched out to follow a "meander- 
like course in the grooves of an elongated conductor" (column 1, lines 9-11), which may be 
many miles long (col. 3, line 23). In this environment, the cable requires a "high 
conductance and high current-earring [sic] capacity of the shield which is formed by the 
outer conductive layer and the conductive sheathing" (column 1, lines 27-31), To this end, 
the structure in Breitenbach includes an "outer conductive layer (9) [that] consists of a highly 
conductive flexible material n (column 1, lines 61-62) and a "sheathing (10) [that] is of high 
electric conductivity" (column 1, line 64). The sheathing 10 and the conductive layer 9, have 
"a particularly high conductivity, so that good shielding is obtained in cooperation with the 
outer conductive layer" (column 2, lines 33-35). Furthermore, the "longitudinal conductivity 
of the outer conductive layer (9) is greater than that of the sheathing (10)" (see e.g., column 
2, lines 62-64). 

Under the constraint that the conductivity of the outer conductive layer 9 is greater 
than that of the sheathing 10 (column 5, lines 8-10), Breitenbach teaches that the outer 
conductive layer 9 should have a conductance of 1-10 mS x m and the sheathing 10 should 
have a conductance of 0.01 to 0.05 mS x m (wherein the term mS represents milliSiemens, 
which are millimhos per meter and m is the length of the cable in meters, see e.g., column 5, 
lines 7-13).' Thus, in terms of ohm*cm, the disclosed range for the conductive layer 9 in 



l Thc conversion between resistivity in ohm*cm and mS is provided by (conductance 
in mS x m)" 1 x 100 cm/m x 1 ohm/ 1000 mohm, which equals 1 x (conductance in mS x m)" 1 . 



Breitenbach is .01 to .1 ohm*cm. The range for the less conductive sheathing is 2-10 
ohm*cm. By restricting these values to below the claimed range, Breitenbach is assured that 
"charge currents flow preferably to the grounding metal strand 11. They cannot pass from 
one phase to the other at points of contact of the cable in the regions 4. In this way, 
'scorched spots' are avoided." (Column 5, lines 10-18). 

The outstanding Office Action recognizes that " Breitenbach does not disclose the 
outer conductive layer having a resistivity in an inclusive range of 10-500 ohm*cm" (see e.g., 
paragraph 7 in the outstanding Office Action). However, the outstanding Office Action 
observes that Hvizd recognizes that semiconductive materials may have resistivities in the 
range of 1 to 1,000,000 ohm*cm. On this basis, the outstanding Office Action asserts that it 
would have been obvious for one of ordinary skill in the art to choose a suitable resistivity 
since resistivity ranges in the claimed range are well-known in the cable art for 
semiconductive materials. As discussed in the interview, Applicants respectfully traverse 
such characterizations for the reasons discussed below. 

During the interview, it was discussed that both the disclosed conductive layer 9 and 
sheathing 10, have resistivities that are outside the claimed range. However the assertion in 
support of the rejection was that since the secondary reference of Hvizd describes that 
semiconductors may have a wide range of resistivities (1-1,000,000 ohm*cm) and one of 
ordinary skill in the art would have known to modify Breitenbach by using a more resistive 
material than that described in Breitenbach . Applicants traverse this assertion. The 
requirements for determining whether a particular range was obvious or not, was addressed 
in In re Antonie . 559 F.2d 618, 195 USPQ 6 (CCPA 1977), which, as discussed in MPEP 
§2144.05(2b), requires that the particular parameter (in this case resistivity of the outer layer) 
must be recognized as a result-effective variable that achieves the recognized result before 



the determination of the optimum or workable ranges of the variable might be characterized 
as "routine experimentation". Breitenbach explains that the outer conductive layer 9 should 
be made of a "highly conductive' 1 material (column 1, lines 61-62) that has a higher 
conductivity than the sheathing 10, which in turn is described by Breitenbach as having a 
"particularly high conductivity" (column 2, line 33). Breitenbach identified "high 
conductivity", which is the reciprocal of resistivity as being the desirable factor in providing 
the function of good "shielding" (column 2, lines 33-35) and thus lesser amounts of "scorch 
spots" (column 5, lines 17-18). Breitenbach did not address the practical implications of 
have an outer conductor that is too conductive, thus giving rise to significant eddy current 
losses. Thus, because Breitenbach explains that high conductance is a virtue for good 
shielding, and the equivalent resistivity range for the outer conductive layer 9 in Breitenbach 
is 100 times less resistive than claimed range, it is respectfully submitted that Breitenbach did 
not fairly teach increased resistivity as a result-effective variable for reliable high-voltage 
operations. 

Furthermore, the "unexpectedly good results" made possible by restricting a 
resistivity between 10-500 ohm*cm is based on the Applicants' observation that eddy current 
loss and glow discharge are parameters that restrict the optimum resistivity to a range that is 
100 times greater than that described in Breitenbach . Breitenbach neither teaches nor 
suggests these unexpectedly good results associated with this range and furthermore suggests 
that the resistivity should be decreased, not increased into the claimed range, so as to achieve 
the goal in Breitenbach of providing "good shielding". 

As discussed in MPEP §2145 X(D), and In re Grasselli . 713 F.2d 731, 743, 218 
USPQ 769, 779 (Fed. Cir. 1983), references that "teach away" from the invention or render 
the prior art unsatisfactory for its intended purpose, are not permitted in an obviousness 
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rejection. Such is the case with combining Hvizd in view of Breitenbach . As discussed 
above, the incentive in Breitenbach is to combine a highly conductive outer layer 9 with a 
less conductive sheathing 10 for the purpose of providing a "good shield". If the proposed 
substitution is performed, and the conductivities of the layers 9 and 10 in Breitenbach are 
decreased as purported by the outstanding Office Action, one of ordinary skill in the art 
would view this substitution as being contrary to the guidance of Breitenbach of providing a 
highly conductive material. Furthermore, by using less conductive material in Breitenbach 
would also in all likelihood render the structure in Breitenbach unsatisfactory for its intended 
purpose, namely for providing a good shield. 

Accordingly, in view of the above discussion, it is respectfully submitted that the 
invention defined by Claim 19 patentably defines over the asserted combination of 
Breitenbach in view of Hvizd . Similarly, it is respectfully submitted that dependent Claims 
20-35 also patentably define over Breitenbach in view of Hyjzd, in light of the fact that the 
tertiary and quaternary references do not teach or suggest what is absent from the features of 
Breitenbach and Hvizd as discussed above. Accordingly, it is respectfully submitted that 
Claims 20-35 also patentably define over the asserted prior art. 

Independent Claims 36-38 are also rejected as being unpatentable over Breitenbach in 
view of Hvizd . However, both Claims 36 and 37 also include the feature of the resistivity of 
the outer conductive layer being in the inclusive range of 10-500 ohm*cm, and therefore for 
the reasons discussed above with respect to Claim 19, it is believed that Claims 36 and 37 
also patentably define over Breitenbach in view of Hvizd . Claim 38 is drafted with elements 
that invoke an interpretation under 35 U.S.C. § 1 12, sixth paragraph (see, the new U.S. PTO 
interim supplemental examination guidelines for means plus function claims). Claim 38 
includes "means for setting a resistivity of the means for creating a second equipotential 



surface to avoid glow discharge and limit eddy current losses". In light of the above 
discussion, it is clear that the structures, materials and acts disclosed in the specification that 
support this claim element, refer to a resistivity of the outer conductive layer being in the 
inclusive range of 10-500 ohm*cm. Accordingly, it is respectfully submitted that when 
Claim 38 is interpreted in light of the requirements of 35 U.S.C. §112, sixth paragraph, Claim 
38 also patentably defines over the asserted prior art. 

Consequently, in view of the present amendment and in light of the foregoing 
comments, it is respectfully submitted that the invention defined by Claims 19-38, as 
amended, is definite and patentably distinguishing over the prior art. The present application 
is therefore believed to be in condition for formal allowance and an early and favorable 
reconsideration of this application is therefore requested. 
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WO 97/45931 / O ^ J p CT/SE97/00903y 

INSULATED CONDUCTOR FOR HIGH-VOLTAGE WINDINGS 

TECHNICAL FIELDQ $ft-C\c G-fiouN !) of T#£ TA/^A/rr^ 
The present invention relates in a first aspect to an insulated conductor for high- 
voltage windings in electric jTii achines /^ 

v A^fecond aspectjof the present invention relates/to a rotating electric machine or 
static electrical machine jcomprising?ar?,insulated conductor £if the type described 
abovej ^fs*Ji*f Ae 

^ThejMnvention is applicable in rotating electric machines such as synchronous 
machines or asynchronous machines as well as static electrical machine^ as power 
transformers and power reactors. The invention is also applicable in other electric 
machines such as dual-fed machines, and applications in asynchronous static 
15 current cascades, outer pole machines and synchronous flow machines, provided 
their windings/consist oMnsulated electric conductors of the type describedjfin the 
introduction] and preferably at high voltage/" "High voltages 1 ' here refe/to electric 
voltages exceeding 10 kV. A typical working range for an insulated conductor for 
high-voltage windings according to the invention may be 1-800 kV. 



20 



^BACKGROUND ART:J JW^/, 0 n o f~ fu. $a^w>«*>< 



In order to be able to explain and describe the machine, a brief description of a 
rotating electric machine will first be given, exemplified on the basis of a 

25 synchronous machine. The first pan of the description substantially relates to the 
magnetioeiffeuit of such a machine and how it is constructed according to classical 
technicfuefSince the magnetic circuit referred to in most cases is located in the 
stator, the magnetic circuitfbelow will normally be described as a stator with a 
laminated core, the winding of which will be referred to as a stator winding, and 

30 the slots in the laminated core for the winding will be referred to as stator slots or 
simply slots. 

wooa 1IVW 0082 01 

The stator winding is located in slots in the sheet iron core, the slots normally 
^ ' having a rectangular or trapezoidal cross section as that of a rectangle or a 

trapezoid. Each winding phase comprises a number of series-connected coil groups 
connected in series and each coil group comprises a number of series-connected 
coils connected in series. The different parts of the coil are designatefiUfoil sidfeifor 
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the part which is placed in the stator anij^end winding en^for that part which is 
located outside the stator A coil comprises one or more conductors brought 
together in height and/or width. 



Between each conductor there is a thin insulation, for example epoxy/glas 




The coil is insulated from the slot with a coil insulation, that is v an insulation , , - ] 
intended to withstand the rated voltage of the machine to eartlj/ As insulating 
material, various plastic, vamish and glass^bre^fna^rfais^may be used. Usually, 
so-called mica tape is used, which is a mixture of mica and hard plastic, especially 
produced to provide resistance to partial discharges, which can rapidly break down 
the insulation. The insulation is applied to the coil by winding the mica tape 
around the coil in several layers. The insulation is impregnated, and then the coil 
side is painted with a graphite-based paint to improve the contact with the 
15 surrounding stator which is connected to earth potential. 

The conductor area of the windings is determined by the current intensity in 
question and by the cooling method used. The conductor and the coil are usually 
formed with a rectangular shape to maximize the amount of conductor material in 

20 the slot. A typical coil is formed of so-called Roebel bars, in which certain of the 
bars may be made hollow fona'cooIanL A Roebel bar comprises a plurality of 
rectangular, parallel-connected copper conductors connected in parallel, which are 
transposed 360 degrees along the slot. Ringland bars with transpositions of 540 
degrees and other transpositions also occur. The transposition is made^To avoid the 

25 occurrence of circulating currents which are generated in a cross section of the ' 
conductor material, as. viewed from the magnetic field. 

For mechanical and electrical reasons, a machine cannot be made in just any size. 
The machine power is determined substantially by three factors: 

- The conductor area of the windings. At normal operating temperature, copper, for 
example, has a maximum value of 3-3.5 A/mm2. 

- The maximum flux density (magnetic flux) in the stator and rotor material. 

- The maximum electric field strength in the insulating material, the so-called 
dielectric strength. 

Polyphase ^Windings are designed either as single-layer or two-layer windings. In 
the case of single-layer windings, there is only one coil side per slot, and in the 
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case of two-layer windings there are two coil sides per slot. Two-layer windings 
are usually designed as diamond windings, whereas the single-layer windings 
which are relevant in this connection may be designed as a diamond winding or as 
a concentric winding. In the case of a diamond winding, only one coil span (or 

5 possibly two coil spans) occurs, whereas flat windings are designed as concentric 
windings, that is, with a greatly varying coil span. By coil span[ is meant the 
distance in circular measure between two coil sides belonging to the same coil, 
either in relation to the relevant pole pitch or in the number of intermediate slot 
pitches. Usually, different variants of chording are used, for example short- 

10 pitching pitch, to give the winding the desired properties. 

The type of winding substantially describes how the coils in the slots, that is, the 
coil sides, are connected together outside the stator, that is, at the end windings 
ends. 

15 

Outside the stacked sheets of the stator, the coil is not provided with a painted 
conductive earth-potential layer. The end winding end is normally provided with 
an E- field control in the form of so-called corona protection varnish intended to 
convert a radial field into an axial field, which means that the insulation on the end 
20 windings ends occurs at a high potential relative to earth. This sometimes gives 
rise to corona in the end- winding-end region, which may be destructive. The so- 
called field-controlling points at the end windings ends entail problems for a 
rotating electric machine. 

25 Normally, all large machines are designed with a two-layer winding and equally 
large coils. Each coil is placed with one side in one of the layers and the other side 
in the other layer. This means that all the coils cross each other in the end winding 
end. If more than two layers are used, these crossings render the winding work 
difficult and deteriorate the end winding end. 

30 

It is generally known that the connection of a synchronous machine/generator to a 
power network must be made via a /£/YD-connected so-called step-up 
transformer, since the voltage of the power network normally lies at a higher level 
than the voltage of the rotating electric machine. Together with the synchronous 
35 machine, this transformer thus constitutes integrated parts of a plant. The 

transformer constitutes an extra cost and also has the disadvantage^ advantage^ 
that the total efficiency of the system is lowered. If it were possible to manufacture 
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machines for considerably higher voltages, the siep-up transformer could thus be 
omitted. 

During the last few decades, there have been increasing requirements for rotating 
electric machines for higher voltages than for what has previously been possible to 
5 design. The maximum voltage level which, according to the state of the art, has 
been possible to achieve for synchronous machines with a good yield in the coil 
production is around 25-30 kV. 

Certain attempts to^a new approach as regards the design of synchronous machines 
10 are described, inter alia, in an article entitled "Water-and-oil-cooled 

Turbogenerator TVM-300" in J. Elektrotechnika, No. 1 , 1970, pp. 6-8, in US^^*^- 
4,429,244 /'Stator of Generator'^and in Russian patent document CCCP Patent 
955369. V. 

15 The water- and oil-cooled synchronous machine described in J. Elektrotechnika is 
intended for voltages up to 20 kV. The article describes a new insulation system 
consisting of oil/paper insulation, which makes it possible to immerse the stator 
completely in oil The oil can then be used as a coolant while at the same time 
using it as insulation. To prevent oil in the stator from leaking out towards the 

20 rotor, a dielectric oil-separating ring is provided at the internal surface of the core. 
The stator winding is made from conductors with an oval hollow shape provided 
with oil and paper insulation. The coil sides with their insulation are secured to the 
slots made with rectangular cross section by means of w/dges^ $s coolant oil is 
used both in the hollow conductors and in holes in the stk oj wa jla^uch cooling 

25 systems, however, entail a large number of connections of both oil and electricity 
at the coil ends. The thick insulation also entails an increased radius of curvature 
of the conductors, which in turn results in an increased size of the winding 
overhang. 

30 The above-mentioned US patent relates to the stator part of a synchronous machine 
which comprises a magnetic core of laminated sheet with trapezoidal slots for the 
stator winding. The slots are tapered since the need for insulation of the stator 
winding is less towards the interior of the rotor where that part of the winding 
which is located nearest the neutral point is located. In addition, the stator pan 

35 comprises a dielectric oil-separating cylinder nearest the inner surface of the core. 
This pan may increase the magnetization requirement relative to a machine 
without this ring. The stator winding is made of oil-immersed cables with the same 
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diameter for each coil layer. The layers are separated from each other by^ieans7bf 
spacers in the slots and secured by wedges. What is special for the winding is that 
it comprises two so-called half-windings connected in series. One of the two half- 
windings is located, centered, inside an insulating sleeve. The conductors of the 

5 stator winding are cooled by surrounding oil. Disadvantages with such a large 

quantity of oil in the system are the risk of leakage and the considerable amount of 
cleaning work which may result from a fault condition. Those parts of the 
insulating sleeve which are located outside the slots have a cylindrical part and a 
conical termination reinforced with current-carrying layers, the purpose of which is 

10 to control the electric field strength in the region where the cable enters the end 
winding. 

From CCCP 955369 it is clear, in another attempt to raise the rated voltage of the 
synchronous machine, that the oil-cooled stator winding comprises a conventional 

15 high-voltage cable with the same dimension for all the layers. The cable is placed 
in stator slots formed as circular, radially located openings corresponding to the 
cross-section area of the cable and the necessary space for fixing and for coolant. 
The different radially located layers of the winding are surrounded by and fixed in 
insulating tubes. Insulating spacers fix the tubes in the stator slot. Because of the 

20 oil cooling, an internal dielectric ring is also needed here for sealing the oil coolant 
off against the internal air gap. The disadvantages of oil in the system described 
above also apply to this design. The design also exhibits a very narrow radial waist 
between the different stator slots, which implies a large slot leakage flux which 
significantly influences the magnetization requirement of the machine. 

25 

A report from Electric Power Research Institute, EPRJ, EL-3391, from 1984 
describes a review of machine concepts for achieving a higher voltage of a rotating 
electric machine with the purpose of being able to connect a machine to a power 
network without an intermediate transformer. Such a solution, judging fronts 

30 judged b^the investigatitf^o^provides good efficiency gains and great economic 
advantages. The main reason for considering it possible in 1984 to start developing 
generators for direct connection to power networks was tha^ya? the tim€yj super 
conducting rotor had been produced. The large magnetizaWi capacity^* the super 
conducting field makes it possible to use an air gap winding with a sufficient 

35 insulation thickness to withstand the electrical stresses. By combining the most 
promising concept, according to the project, of designing a magnetic circuit with a 
winding, a so-called monolith cylinder armature, a concept where the winding 
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comprises two cylinders of conductors concentrically ^ncJosed in three cylindrical 
insulating casings and the whole structurejbeing^/ftxedlto^an iron core without 
teeth, it was judged that a rotating electric machine for high voltage could be 
directly connected to a power network. The solution meant that the main insulation 
had to be made sufficiently thick to cope with network-to-network and network-to- 
earth potentials. The insulation system which, after a review of all the techniq^eTy 
known at the time, was judged to be necessary to manage an increase to a higher 
voltage was that which is normally used for power transformers and which consists 
of dielectric-fluid-impregnated cellulose press board. pbviou^/o^dv^tages with 
the proposed solution are that, in addition to requiring a super conducting rotor, it 
requires a very thick insulation which increases the size of the machine. The end 
windings ends must be insulated and cooled with oil or freons to control the large 
electric fields in the ends. The whole machine must be hermetically enclosed to 
prevent the liquid dielectric from absorbing moisture from the atmosphere. 



When manufacturing rotating electric machines according to the state of the art, 
the winding is manufactured with conductors and insulation systems in several 
steps, whereby the winding must be preformed prior to mounting on the magnetic 
circuit. Impregnation for preparing the insulation system is performed after 
20 mounting of the winding on the magnetic circuit. 

SUMMARY OF THE INVENTION: 

It is an object of the invention is to be able to manufacture a rotating electric 
machine for high voltage without any complicated preforming of the winding and 
25 without having to impregnate the insulation system after mounting of the winding. 

To increase the power of a rotating electrical machine, it is known to increase the 
current in the j^coils. This has been achieved by optimizing the quantity of 
conducting material, that is, by close-packing of rectangular conductors in the 

30 rectangular rotor slots. The aim was to handle the increase in temperature 

resulting from this by increasing the quantity of insulating material and using more 
temperature-resistant and hence more expensive insulating materials. The high 
temperature and field load on the insulation has also caused problems with the life 
of the insulation. In the relatively thick-walled insulating layers which are used for 

35 high-voltage equipment, for example impregnated layers of mica tape, partial 

discharges, PD, constitute a serious problem. When manufacturing these insulating 
layers, cavities, pores, and the like, will easily arise, in which internal corona 
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discharges arise when the insulation is subjected to high electric field strengths. 
These corona discharges gradually degrade the material and may lead to electric 
breakdown through the insulation. 

5 The present invention is based on the realization that, to be able to increase in the 
power of a rotating electrical machine in a technically and economically justifiable 
way, this must be achieved by ensuring that the insulation is not broken down by 
the phenomena described above. This can be achieved according to the invention 
by using as insulation layers made in such a way that the risk of cavities and pores 

10 is minimal, for example extruded layers of a suitable solid insulating material, such 
as thermoplastic resins, cross linked thermoplastic resins, rubber such as silicone 
rubber, etc. In addition, it is important that the insulating layer^omprises^alfirmeY 
layer, surrounding the conductor, with semiconducting properties and that the & 
insulation is also provided with at least one additional outer layer, surrounding the 

15 insulation, with semiconducting properties. By semiconducting properties is meant 
in this context{fs^a material which has a considerably lower conductivity than an 
electric conductor but which does not have such a low conductivity that it is an 
insulator. By using only insulating layers which may be manufactured with a 
minimum of defects and, in addition, providing the insulation with an inner and an 

20 outer conductive layer, it can be ensured that the thermal and electric loads are 
reduced. The insulating pan with at least one adjoining conductive layer should 
have essentially the same coefficient of thermal expansion. At temperature 
gradients, defects caused by different temperature expansion in the insulation and 
the surrounding layers should not arise. The electric loadpn the material decreases 

25 as a consequence of the fact that the conductive/ layers around the insulation will 
constitute equipotential surfaces and that the electrical field in the insulating part 
will be distributed relatively evenly over the thickness of the insulation. The outer 
conductive layer may be connected to a chosen potential, for example earth 
potential. This means that, for such a cable, the outer casing of the winding in its 

30 entire length may be kept at, for example, earth potential. The outer layer may also 
be cut off at suitable locations along the length of the conductor and each cut-off 
partial length may be directly connected to a chosen potential. Around the outer 
conductive layer there may also be arranged other layers, casings and the like, such 
as a metal shield and a protective sheath. 



35 



Further knowledge gained in connection with the present invention is that 
increased current load leads to problems with electric (E) field concentrations at 



WO 97/45931 PCT/SE97/00903 



the comers at a cross section of a coil and that this entails large local loads on the 
insulation there. Likewise, the magnetic (B) field in the teeth of the stator will be 
concentrated at the comers. This means that magnetic saturation arises locally and 
that the magnetic core is not utilized in full and that the wave form of the 
5 generated voltage/current will be distorted. In addition, eddyTCurrent losses caused 
by induced eddy currents in the conductors, which arise because of the geometry of 
the conductors in relation to the B field, will entail additional disadvantages in 
increasing current densities. A further improvement of the invention is achieved by 
making the coils and the slots in which the coils are placed essentially circular 

10 instead of rectangular. By making the cross section of the coils circular, these will 
be surrounded by a constant B field without concentrations where magnetic 
saturation may arise. Also the E field in the coil will be distributed evenly over the ■ 
cross section and local loads on the insulation are considerably reduced, in 
addition, it is easier to place circular coils in slots in such a way that the number of 

15 coil sides per coil group may increase and an increase of the voltage may take 

place without tr^e qurrent in the conductors having to be increased. The reason for 
this^eing^rfiat trie cooling of the conductors is facilitated by, on the one hand, a 
lower current density and hence lower temperature gradients across the insulation 
and, on the other hand, by the circular shape of the slots which entails a more 

20 uniform temperature distribution over a cross section. Additional improvements 
may also be achieved by composing the conductor from smaller pans, so-called 
strands. The strands may be insulated from each other and only a small number of 
strands may be left uninsulated and in contact with the inner conductive layer, to 
ensure thajfihts^is at the same potential as the conductor. 

25 <"«°~ c*«}«chU (~,t<~ oi -fu r-U*h,r • . J0 

The advantages of using a rotating electric machine according to the inventiorv£reJ^ 
that the machine can be operated at overload for a considerably longer period of 
time than what is usual for such machines without being damaged. This is a 
consequence of the composition of the machine and the limited thermal load of the 

30 insulation. It is, for example, possible to load the machine with up to 100% 
overload for a period exceeding 1 5 minutes and up to two hours. 

One embodiment according to the invention is that the magnetic circuit of the 
rotating electric machine/comprises^wmding^of a threaded cable with one or 
35 more extruded insulated conductors with solid insulation with a conductive layer 
both at the conductor and the casing. The outer conductive layer may be connected 
to earth potential. To be able to cope with the problems which arise in case of 
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direct connection of rotating electric machines to all types of high-voltage power 
networks, a machine according to the invention has a number of features which 
distinguish it from the state of the art. 

5 As described above, a winding for a rotating electric machine may be 

manufactured from a cable with one or more extruded insulated conductors with 
solid insulation with a conductive layer^both at the conductor and at the casing. 

Some typical examples of insulating materials are thermoplastics like LDPE (low 
10 density polyethylene^ HDPE (high density pol^ethylene^PP (poIypropylene^PB 
(pol£butulene)^PMP (pol£rjiethylpentene) or cross-linked materials like XLPE 
(cross linked pol£*etRylene) or rubber insulation like EPR (ethylene propylene 
rubber) or silicone rubber. 

15 A further development of a conductor composed of strands is possible in that it is 
possible to insulate the strands with respect to each other in order^us^ reduce 
the amount of eddy current losses in the conductor. One or a few strands may be 
left uninsulated to ensure that the conductive layer which surrounds the conductor 
is at the same potential as the conductor. 

20 

It is known that a high-voltage cable for transmission of electric energy is 
composed of conductors with solid extruded insulation with an inner and an outer 
conductive part. In the process of transmitting electric energy it was required that 
the insulation should be free from defects. During transmission of electric energy, 
25 the starting-point has long been that the insulation should be free from defects. 
When using high-voltage cables for transmission of electric energy, the aim was 
not to maximize the current through the cable since space is no limitation for a 
transmission cable. 

Insulation of a conductor for a rotating electric machine may be applied in some 
30 other way than by^neansjo? extrusion, for example by spraying or the like. It is 
important, however, that the insulation should have no defects through the whole 
cross section and should possess similar thermal properties. The conductive layers 
may be supplied with the insulation in connection with the insulation being applied 
to the conductors. 

35 

Preferably, cables with a circular cross section are used. Among other things, to 
obtain a better packing density, cables with a different cross section may be used. 
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To build up a voltage in the rotating electric machine, the cable is arranged in 
several consecutive turns in slots in the magnetic core. The winding can be 
designed as a multi-layer concentric cable winding to reduce the number of end- 
winding-end crossings. The cable may be made with tapered insulation to utilize 
5 the magnetic core in a better way, in which case the shape of the slots may be 
adapted to the tapered insulation of the winding. 

A significant advantage of a rotating electrical machine according to the invention 
is that the E field is near zero in the endrwinding-end region outside the outer 
0 conductive^and that with the outer casingat earth potential, the electric field need 
not be controlled. This means that no field concentrations can be obtained, neither 
within sheets, in end-winding-end regions or in the transition between. 

The present invention also relates to a method for manufacturing the magnetic 
5 circuit and, in particular, the winding. The method for manufacturing^omprises^ C ' 
placing the winding in the slots by threading a cable into the openings in the slots 
in the magnetic core. Since the cable is flexible, it can be bent and this permits a 
cable length to be located in several turns in a coil. The end windings ends will 
then^onsisro^/fjendmg zones in the cables. The cable may also be joined in such a 
0 way that its properties remain constant over the cable length. This method entails 
considerable simplifications compared with the state of the art. The so-called 
Roebel bars are not flexible but must be preformed into the desired shape. 
Impregnation of the coils is also an exceedingly complicated and expensive 
technique when manufacturing rotating electric machines today. 

5 

insulated conductor for high-voltage windings in rotating 

^....led in claim 1, and also with rotating electric machines 

comprising an insulated conductor of the type described above according to claim 

0 7jT The high- voltage cable according to the present invention^omprisesj^ne^or^^ 
more strands surrounded by a first conductive layer. This first conductive layer is 
in turn surrounded by a first insulating layer, which is surrounded by a second 
conductive layer. This second conductive layer islpanhed/fcfai lealuwo^dVferenf hh 
points along the high-voltage cable, i.e. at the inlet and outlet of the stator. The 

5 second conductive layer has a resistivity which on the one hand minimizes the 
electric losses in the second conductive layer, and on the other hand contributes to 
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the voltage induced in the second conductive layer minimizing the risk of glow 
discharges. 

r nr 

By^neansyof the high-voltage cable according to the invention, described above, a 
high-voltage cable is obtained in which electric losses caused by induced voltages 
in the outer conductive layer can be avoided. A high-voltage cable is also obtained 
in which the^risk of electrical discharges is minimized. Furthermore, this is 

Obtained With a Cable whic h ^ s imple tn maniifaftyrp 



The invention will now be explained in more detail in the following description of 
preferred embodiments, with reference to the accompanying drawings 



BRIEF DESCRIPTION OF THE DRAWINGS: 

Figure 1 shows a cross section^triroughTa high-voltage cable according to the 
present invention; 



15 



Figure 2 shows a basic^iagran^explaining what affects the voltage between the 
conductive surface and earth; and 



Figures 3 ^hows a diagram/illustrating the potential on the conductive surface i 
relation tc the distance between^earthin^points. 



in 



9r 



DETAILED DESCRIPTION OF i EMBODIMENTS £>F THE PRESENT 
INVENTION?! ^ WcftAkfy 

Figure 1 shows a cross-sectional view of a high-voltage cable 10 according to the 
present invention. The high-voltage cable 10 shown ^omprise^n^ electric 
conductor which may ^consist ofjdne^or more strands 12 of copper (Cu), for 
instance, having circular cross section. These strands 12 are arranged in the 
middle of the high-voltage cable 10. Around the strands 12 is a first conductive 
layer 14, and around the first conductive layer 14 is a first insulating layer 16, e.g. 
XLPE insulation. Around the first insulating layer 16 is a second conductive layer 
18. 



Figure 2 shows a basic diagram explaining what affects the voltage between the^ 
conductive surface and earth. The resultant voltage, U s , between the surface of the 
second conductive layer 18 and earth may be expressed as follows: 
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Us = Vu2 max + u2 /wrf 

(1) 

where Umax i s lrie result of capacitive current in the surface and where Uind iS 
5 voltage induced from magnetic flux. To avoid surface discharges U s must be 
<250 V, preferably U s < 130^50 V. 

In principle \}' ln d creates no problems assuming^arthinafet both stator ends. Thus 
Us = Umax, where the maximum value Umax at the middle of the conductor is 
10 given by 

Psl 2 

Umax*(2nfC|Uf)2_ 



15 



A s 




where f = frequency; C\ = transverse capacitance per length unit^ Uf = phasc-to- 
ground voltage; p s = the resistivity of the conductive layer 18; A s = the cross- 
sectional area of the conductive layer /l ^and 1 = the length of the stator. 

20 One way of preventing losses caused by induced voltages in the second conductive 
layer 18 is to increase its resistance. Since the thickness of the layer cannot be 
reduced for technical reasons relating to manufacture of the cable and stator, the 
resistance can be increased by selecting a coating or a compound that has higher 
resistivity. 

25 



r 



If the resistivity is increased too much the \joltage on the second conductive laye 
18 mid-way between thefcarthe^jmts^thal is, inside the stator) will be so high 
that there will be risk of glow discharge and consequently erosion of the 
conductive^and the insulation. 
30 /K^k^iM 

The resistivity p s of the second conductive layer 18 should therefore lie within an 
interval; 

Pmin < Ps < Pmax (2) 
where p m j n is determined by permissible power loss caused by eddy current losses 
35 and resistive losses caused by Uind • Pmax is determined by the requirement for no 
glow discharge. 
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Experiments have shown that the resistivity p s of the second conductive layer 18 

should be between 10-500 ohm*cm. To obtain good results with machines of all 
sizes p s should be between 50-100 ohm*cm. 

5 Figure 3 shows a diagram illustrating potentials on the conductive surface in 
relation to the distance between earthing points. 



10 



An example of a suitable conductive layer 18 is one manufactured of EPDM 
material mixed with carbon black. The resistivity can be determined by varying 
the type of base polymer and/or varying the type of carbon black and/or the 
proportion of carbon black. 



15 



The following are a number of examples of different resistivity values obtained 
using various mixtures of base polymer and carbon black. 



Base polymer 



Carbon black Carbon black Volume 
type quantity % resistivity 

ohm*cm 



Ethylene vinyl acetate EC carbon black approx. 15 350 - 400 
copolymcr/nitrile rubber 

P-carbon black approx. 37 70 -10 

Extra conducting approx. 35 40 - 50 
carbon black, type 



Extra conducting approx. 33 

carbon black, type 

II 



30-60 



Butyl grafted polythene 



approx. 25 



7- 10 



Ethylene butyl acrylate 
copolymer 



Acetylene carbon approx. 35 40 - 50 
black 
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P carbon black approx. 38 5 -10 

Ethylene propene rubber Extra conducting approx. 35 200 - 400 

carbon black 

The invention is not limited to the embodiments shown. Several variations are 
feasible within the scope of the appended claims. 
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CLAIMS 

An insulated conductor (10) for high-voltage windings in electric 
machines, characterized in that the insulated conductor (10) 
5 comprises one or more strands (12), an inner, first conductive layer (14) 
surrounding the strands (12), a first insulating layer (16) surrounding the inner, 
first conductive layer (14) and an outer, second conductive layer (18) surrounding 
the first insulating layer (16). 

10 2. An insulated conductor (10) as claimed in claim 1, 

characterized in that the conductive layer (18) is earthed at at least 
two different points along the insulated conductor (10). 

3 - An insulated conductor (10) as claimed in claim 2, 
15 characterized in that the resistivity of the second conductive layer 

(18) is lower than that of the insulation layer (16) but higher than that of the 
material of the strands (12). 

4- An insulated conductor (10) as claimed in claim 3, 
20 characterized in that the resistivity of the second conductive layer 

(18) is between 0.1-1000 ohm*cm. 



5 - An insulated conductor (10) as claimed in claim 4, 
25 characterized in that the resistivity of the second conductive layer 

(18) is between 10-500 ohm* cm. 

6 - An insulated conductor (10) as claimed in claim 5, 
characterized in that the resistivity of the second conductive layer 

30 (18) is between 50-100 ohm+cm. 

7 - An insulated conductor (10) as claimed in claim 1, 
characterized in that the resistance per axial length unit of the second 
conductive layer (18) is between 5-50000 ohm/m. 

35 
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8. An insulated conductor (10) as claimed in claim 1, 
characterized in that the resistance per axial length unit of the second 
conductive layer (18) is between 500-25000 ohm/m. 

9. An insulated conductor (10) as claimed in claim 1, 
characterized in that the resistance per axial length unit of the second 
conductive layer (1 8) is between 2500-5000 ohm/m. 

1 0. An insulated conductor ( 1 0) as claimed in any of the preceding claims, 
characterized in that the resistivity of the second conductive layer 
(18) is determined by varying the type of base polymer and varying the type of 
carbon black and the proportion of carbon black. 

11. An insulated conductor (10) as claimed in claim 9, 
characterized in that the base polymer is chosen from ethylene butyl 
acrylatecopolymers of EP-rubber. 



12. An insulated conductor (10) as claimed in claims 9-10, 

characterized in that the second conductive layer (1 8) is cross-linked 
by peroxide. 

13. An insulated conductor (10) as claimed in any of the preceding claims, 
characterized in that the adhesion between the insulation layer ( 1 6) 
and the second conductive layer (18) is of the same order of magnitude as the 
intrinsic strength of the insulation material. 

14. An insulated conductor ( 1 0) as claimed in any of the preceding claims, 
characterized in that the first conductive layer (14), the insulating 
layer (16) and the second conductive layer (18) are extruded on the conductive 
strands (12). 

15. An insulated conductor (10) as claimed in claim 13, 
characterized in that all layers are applied through extrusion through a 
muiti layer head. 
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1 6. An insulated conductor ( 1 0) as claimed in any of the preceding claims, 

characterized in that the insulating layer ( 1 6) is a crosslinked 
polyethylene, XLPE. 

5 17. An insulated conductor ( 1 0) as claimed in any of the preceding claims, 

characterized in that the insulating layer (16) is made of 
ethylenepropylene rubber or silicone rubber.. 

18. An insulated conductor (10) as claimed in any of the preceding claims 
10 characterized in that the insulating layer (16) is made of a 

thermoplastic material as LDPE, HDPE, PP, PB, PMP. 

19. An electric machine comprising an insulated conductor as claimed in 
any of claims 1-18. 

15 

20. An rotating electrical machine comprising an insulated conductor as 
claimed in any of claims 1-18. 



20 
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Calculated potential on the conductive surface at AC- voltage 
kV(rms) 

ISO-, 
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